INTRODUCTION
Obesity is a global healthcare problem. 1 In the United States, 35% of the adult population was recently designated as being overweight or obese. 2 Although frequently analysed in the context of chronic disease, the influence of obesity on acute illness is less understood. The results of the few studies that do address this question have been pooled in three meta-analyses 3e5 with differing results. Akinussi et al 3 reported that obesity (body mass index $30 kg/m 2 of body surface area) was not associated with crude intensive care unit mortality in comparison with patients with a body mass index lower than 30 kg/m 2 of body surface area. Meanwhile, Oliveros et al 4 found a lower mortality for obese but not for morbidly obese patients compared with those with normal weight. Lastly, Hogue et al 5 reported that obesity is not associated with increased risk for intensive care unit mortality, but it may be associated with lower hospital mortality. Most of the studies included in these meta-analyses included general populations of patients admitted to the intensive care unit. The data related specifically to the impact of obesity on outcomes with mechanical ventilation is more limited. Bercault et al 6 conducted a matched cohort study including 170 obese patients and 170 patients with a normal body mass index and found that obesity was significantly associated with intensive care unit mortality (OR 2.1; 95% CI 1.2 to 3.6). Similarly, Frat et al 7 compared 82 severely obese patients with 124 non-obese patients, and reported the only difference in morbidity of obese patients who were mechanically ventilated was an increased difficulty with tracheal intubation and a higher frequency of post-extubation stridor. Obesity was not associated either with increased intensive care unit mortality or with hospital mortality. Two studies 8 9 limited to patients with acute lung injury/acute respiratory distress syndrome showed no association between obesity and mortality, though the latter study 9 showed an increase in the duration of mechanical ventilation and length of stay in obese patients. In contrast, O'Brien et al 8 studied 1488 mechanically ventilated patients with acute lung injury and found that lower body mass index was associated with higher odds of death, whereas overweight and obesity were associated with lower mortality.
Given these discrepant data on outcomes of obese mechanically ventilated patients, the main objective of this study was to describe the influence of body mass index on clinical outcomes in a large heterogeneous cohort of mechanically ventilated patients.
METHODS Patients
This is a secondary analysis from a prospective, multicentre, international cohort of 4968 adult patients who received mechanical ventilation for more than 12 h during a 1-month period beginning 1 April 2004 in 349 intensive care units (see online appendix 1 for list of centres). 10 All mechanically ventilated patients admitted to the participating ICUs during the study period were consecutively enrolled. The study protocol was approved by local Institutional Review Boards of all the participating centres with a waiver for consent.
Full details of the methodology are showed in Appendix 2, see online Briefly, the following information was collected on each enrolled patient at baseline: demographic data (gender, age, estimated weight and height at admission to the intensive care unitdwe used these values to calculate the body mass index (kg/ m 2 ) by dividing weight in kilogrammes by the square of the height in metres and we categorised patients, according to the National Institutes of Health (NIH) definition of obesity, as: (1) underweight: body mass index <18.5 kg/m 2 ; (2) normal weight: body mass index 18.5e24.9 kg/m 2 ; (3) overweight: body mass index 25e29.9 kg/m 2 ; (4) obese: body mass index 30e39.9 kg/m 2 and (5) severely obese: body mass index >40 kg/m 2 dand simplified acute physiology score (SAPS II) at the time of admission to the intensive care unit); day of initiating mechanical ventilation; type of ventilation (invasive, non invasive), and primary indication for mechanical ventilation (acute on chronic pulmonary disease (chronic obstructive pulmonary disease (COPD), asthma, chronic pulmonary disease other than COPD); coma; neuromuscular disease and acute respiratory failure (acute respiratory distress syndrome (ARDS), postoperative, congestive heart failure, aspiration, community pneumonia, hospital pneumonia, sepsis, trauma, cardiac arrest, and other reason)). The following variables were collected daily until intensive care unit discharge, or to day 28, whichever occurred first: ventilator settings (tidal volume, positive end-expiratory pressure (PEEP), peak pressure, plateau pressure); use of sedatives; use of neuromuscular blockers; and complications arising (acute respiratory distress syndrome, barotrauma, ventilator associated pneumonia, sepsis, organ failure (cardiovascular failure, respiratory failure, renal failure, hepatic failure, haematological failure)). Organ failure was defined as a sequential organ failure assessment (SOFA) score higher than 2 points on at least two consecutive days. Weaning refers to the discontinuation of mechanical ventilation; the onset of weaning was defined at the time the patient had a change in ventilator mode that was consistent with weaning modality and likely to be able to resume spontaneous breathing. Patients were classified according to the weaning process into three groups as follows: simple weaning groupdincluding patients who successfully passed the first spontaneous breathing trial and were extubated on the first attempt; difficult weaning groupdincluding patients who required up to 7 days from the first spontaneous breathing trial to achieve successful weaning; and prolonged weaning groupdincluding patients who required more than 7 days of weaning after the first spontaneous breathing trial. The patients were prospectively followed for outcomes until hospital discharge. To estimate the impact of body mass index on mortality in the intensive care unit, we used generalised estimating equations (GEE) to deal with the possibility of clustering by centre. We entered the following variables into the model: age, gender, SAPS II, body mass index category as a dummy variable taking 43 (19) 43 (18) 43 (17) 44 (17) 42 (17) 0.587 Table 2 Comparison of the mode of ventilation, ventilator settings, use of sedatives and weaning by body mass index group 
Statistical analysis

<0.001
Positive end-expiratory pressure, cm of water, mean (SD) 5 (3) 5 (3) 5.5 (3) 5.5 (3) 6 (4) <0.001
Peak pressure, cm of water, mean (SD)
25 (8) 26 (8) 27 (8) 28 (9) 31 (10) <0.001
Plateau pressure, cm of water, mean (SD)
21 (6) 21 (6) 21 (6) 22 (6) 25 (7) <0.001 
Positive end-expiratory pressure, cm of water, mean (SD) 6 (4) 6.5 (4) 6.5 (4) 7 (4.6)
28 (9) 26 (8) 27 (7) 28 (8) 29 (9) <0.001
Plateau pressure, cm of water, mean (SD) 23 (7) 21 (6) 22 (6) 23 (6) 25 (7) <0.001
Day 5 <0.001
Positive end-expiratory pressure, cm of water, mean (SD) 6 (4) 6 (4) 6 (4) 6.5 (4) 7 (5.5)
27 (8) 26 (8) 27 (8) 29 (8) 30 (9) <0.001
Plateau pressure, cm of water, mean (SD) 22 (7) 22 (6) 22 (6) 23 (7) 26 (6) <0.001
Pharmacology
Use of neuromuscular blockers, N (% (95% CI)) After exploring the data, we observed a significant trend towards a higher incidence of ARDS, developing over the course of mechanical ventilation in obese patients. To estimate if there was an independent association between body mass index and development of ARDS, we performed a second GEE analysis. In this model, we considered the following variables: age, gender, SAPS II, body mass index category as a dummy variable taking as reference 'underweight' category (for the purpose if this analysis we categorised the body mass index into four categories: underweight, normal, overweight and obese/severely obese), reason for initiation of mechanical ventilation categorised as a dummy variable (chronic pulmonary disease, neurologic disease, acute respiratory failure causes associated with ARDS (aspiration, trauma sepsis, pneumonia), and acute respiratory failure not associated with ARDS (postoperative, congestive heart failure, cardiac arrest), risk factors for acute respiratory distress syndrome developed over the duration of mechanical ventilation (shock, sepsis, ventilator associated pneumonia) and ventilator settings (tidal volume in ml/kg of predicted body weight and positive end-expiratory pressure). The ventilator settings entered in the analysis were values accrued until the day of ARDS diagnosis in patients who met criteria for ARDS, or the values until the start of weaning for those who did not meet ARDS criteria. This analysis was performed with Stata (version 10.0) statistical software.
RESULTS
Patients' baseline characteristics
A total of 792 patients were obese (15.9%; 95% CI 14.9 to 16.9) and 216 patients severely obese (4.3%; 95% CI 3.8 to 4.9). Table 1 summarises the baseline demographic characteristics of the whole cohort.
There were significant differences in age and gender among body mass index groups. Very obese patients were more likely to be younger women as compared with other weight groups.
Obese and severely obese patients were less likely to receive mechanical ventilation due to community-acquired pneumonia or a neurological event as compared with normal weight patients.
Implementation of mechanical ventilation
Modes of ventilation, ventilator parameters, use of sedatives and weaning are summarised in table 2.
Non-invasive ventilation was used more frequent in patients who were underweight or severely obese as compared with the other groups. Severely obese patients were more likely to receive low tidal volume based on actual body weight but high volumes based on predicted body weight. These patients were also ventilated with slightly higher levels of PEEP. There were not significant differences in the proportion of patient who reached weaning. Both obese and severely obese patients had a higher percentage of reintubation following accidental extubations compared with the other groups.
Outcomes
In obese patients, we observed a higher incidence of acute respiratory distress syndrome and acute renal failure (table 3) . Table 4 shows the univariable and multivariable analysis of variables related to the development of acute respiratory distress syndrome over the course of mechanical ventilation.
After adjustment, body mass index remained significantly associated with the development of acute respiratory distress syndrome (figure 1).
There were no differences in the patients' outcomes (duration of mechanical ventilation, duration of weaning, length of stay in the intensive care unit, length of stay in the hospital and mortality in the intensive care unit and in the hospital) based on body mass index categories (table 5) . Table 6 shows the univariable and multivariable analysis for mortality.
There was a non-significant trend towards a lower mortality with increase of body mass index (figure 2).
DISCUSSION
The main findings of this study are: increased body weight and obesity were more common in this cohort of mechanically ventilated patients than previously reported in populations of ; obese patients were more likely to develop acute respiratory distress syndrome and acute renal failure; and body mass index was not associated with mortality nor a longer stay in the intensive care unit.
Our study is a prospective report that evaluates the impact of body mass index on clinical outcomes in a large cohort of patients receiving mechanical ventilation. Obesity and mechanical ventilation could interact through a number of mechanisms. Obese patients have reduced respiratory system compliance 11 leading to high airway pressures and they can frequently receive tidal volumes that can be excessive when judged according to predicted body weight by height (a better approximation of lung size). Obese patients are prone to atelectasias, aspiration and pneumonia that may increase the duration of mechanical ventilation. Despite these handicaps, we did not find differences in the duration of mechanical ventilation nor in the time devoted to weaning from mechanical ventilation in obese patients.
In published studies, there are discrepancies on the influence of obesity on mortality. These discrepancies may be due to differences in the population included and in the definitions of obesity. Focusing on the studies including only mechanically ventilated patients, 6e9 12 only one study 6 reported a higher mortality in obese patients. But, in this study, it is remarkable that the reference mortality in non-obese patients is relative low (17%), for a population who received mechanical ventilation longer than 48 h. In our cohort, the mortality of non-obese patients ventilated for more than 48 h was 32%. In one of the Figure 1 Adjusted OR for the development of acute respiratory distress syndrome. The reference group is patients in the underweight category. OR for acute respiratory distress syndrome was adjusted by age, SAPS II, sex, reason to start mechanical ventilation, body mass index, risk factors for acute respiratory distress syndrome developed over the course of mechanical ventilation (sepsis, shock, and ventilator associated pneumonia), tidal volume and positive end-expiratory pressure.
studies by O'Brien et al, 8 investigators found that body mass index was associated with risk-adjusted hospital mortality among mechanically ventilated adults with acute lung injury. Lower body mass index was associated with higher odds of death, whereas overweight and obese were associated with lower odds. We found a similar trend although we did not find statistically significant differences between categories of body mass index.
How to set ventilator parameters such as tidal volume and PEEP in obese patients is not clearly defined. The impact of body weight on lung mechanics has important implications in the selection of ventilator parameters. Prior reports have shown that obese patients with ARDS were ventilated using significantly higher tidal volumes than those with a normal body mass index. In our study, tidal volumes in obese patients were low (5e6 ml/ kg) based on actual body weight, but high (10e11 ml/kg) based on predicted body weight, along with higher levels of PEEP. These data suggest that clinicians overestimated lung size for obese patients and chose tidal volumes on the basis of actual body weight rather than predicted body weight. Observational studies indicate an association between high tidal volumes in patients mechanically ventilated due to an extra-pulmonary condition and at an increased risk to develop acute lung injury. 13 That is, using high tidal volumes could place obese and severely obese patients at risk for ventilator-associated lung injury. Our analysis, however, along with results reported by Gong et al 14 show that obesity, independent of tidal volume or airway pressures, is related with the development of acute respiratory distress syndrome. It is possible that obesity may play a significant role in the pathogenesis of pulmonary diseases through mechanisms that may involve pro-inflammatory mediators produced in the adipose tissue that contribute to a state of systemic inflammation. 15 Alternatively, the increase in ARDS among obese patients may be artifactual with obese patients being more likely to have opacities seen on chest radiograph because of increased tissue mass and more likely to have hypoxaemia because of other reasons such as atelectasis. However, the fact that ARDS at baseline was seen less commonly in obese patients points away from this supposition.
Several authors have reported a higher incidence of organ dysfunctions in obese patients. 16e18 Our study also showed the presence of organ dysfunctions, but like in other studies this was not associated with higher mortality. Slynkova et al, 19 in an analysis of 15 408 participants in the Atherosclerosis Risk in Communities Study, found that obesity by itself was not a significant predictor of either acute organ failure or death. However, the presence of diabetes mellitus, which is related to obesity, was a strong predictor of both acute organ failure and death after acute organ failure. Recently, similar to our results, a large meta-analysis evaluated the effect of obesity on intensive care morbidity and mortality. These investigators reported that obese patients, despite having increased morbidity, have no change in mortality. 3 A possible explanation for the 'paradox' of how a condition that is associated with multiple chronic morbidities could be protective in the face of critical illness is the possibility that the large mass of adipose tissue serves as an adipokine factory, producing a predominance of anti-inflammatory cytokines, such as interleukin-10 and leptin. The elevation of leptin in septic patients has been associated with survival in some studies. 3 20 There are several limitations to our study. The distribution of obesity may vary across study centres and countries. It is possible that our study did not fully evaluate the population at risk. Obese and severely obese patients may have chosen not to receive mechanical ventilatory support and or clinicians may have avoided these methods of support based on patients' weight. Thus, selection biases may have influenced the decision to ventilate a patient in the first place. Once patients were admitted to the study intensive care unit, we believe that these issues did not play a role because we enrolled sequential patients that required invasive or non-invasive mechanical ventilation during a 1-month period. There are other factors that may influence patient's weight, such as fluid balance, that are not taken into consideration. In others to avoid this problem we used the weight obtained at intensive care unit admission for this analysis.
In conclusion, a significant number of patients that received mechanical ventilation in our cohort had increased body weight, and 20% of patients were obese or severely obese. Obese patients were ventilated with high tidal volumes based on predicted body weight. These patients were more likely to have significant complications during the course of ventilatory support including acute respiratory distress syndrome and acute renal failure, but there were no associations with increased duration of mechanical ventilation, length of stay or mortality. Due to an increasing incidence of increased body weight in the general population, it is likely that more overweight patients will require mechanical ventilation in the future. Our data show that obesity is not a factor that adversely affects patient outcomes in the ICU, if anything it may be protective. Figure 2 Adjusted OR for mortality in the intensive care unit. The reference group is patients in the underweight category. OR for mortality was adjusted by age, sex, SAPS II, body mass index category, type of ventilation (invasive ventilation vs. failed non-invasive ventilation vs. successful non-invasive ventilation), and reason for initiating mechanical ventilation.
